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(54) METHOD AND DEVICE FOR ARRHYTHMIA DETECTION

(67)  The disclosure relates to a method for arrhyth-
mia detection within a heart signal of a patient, wherein
the method is executed by a processor (2) and comprises
steps of: providing an input signal (5) which refers to the
heart signal of the patient, wherein the input signal (5)
comprises cardiac events (6) and noise events (7),
wherein the cardiac events (6) are related to cardiac ac-
tivity of interest of the heart of the patient, and wherein
the noise events (7) are not related to cardiac activity of

interest of the heart; determining the cardiac events (6)
from the input signal (5) in an arrhythmia detection win-
dow (9); evaluating the arrhythmia detection window (9)
by taking into account at least one of: (i) at least one
noise event (7) occurring before a start of the arrhythmia
detection window (9), and (ii) at least one noise event (7)
occurring after an end of the arrhythmia detection window
(9). Also, a device for arrhythmia detection is provided.
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Description

[0001] The presentdisclosure relates to a method and
a device for arrhythmia detection.

[0002] Cardiac monitors are medical devices that mon-
itor the electrical activity of the heart by using electrodes
in contact with the body tissue. The electrodes are usually
located at the case of the medical device that may be
implanted under the skin or be arranged in contact with
the surface of the chest close in the vicinity of the heart.
Alternatively, the electrodes are located at the distal end
of at least one subcutaneous implanted electrode line
connected to an implantable cardiac monitor. Implanta-
ble cardiac stimulators like pacemakers, defibrillators
and cardiac resynchronization devices employ elec-
trodes located at the distal end of electrode lines that are
implanted in the heart chambers and connected to the
implanted device and can provide also the functionality
of an implantable cardiac monitor. Cardiac events are
detected by analyzing the electrical activity of the heart,
e.g. by detecting arrhythmia. Noise events are identified
by analyzing the electrical signal detected by the em-
ployed electrodes used to observe the electrical activity
ofthe heart. Generally, noise events can be distinguished
from electrical heart signals of interest because of their
very different signature. Yet, due to the random nature
of noise, the identification of noise cannot be performed
with a 100% certainty.

[0003] False arrhythmia detections can occur during
periods of high patient activity or active muscle noise.
Currently employed noise and low signal management
during arrhythmia detection does not achieve the desired
PPV (Positive Predictive Value) in the presence of noise
and/or low amplitude signals. Current algorithms remove
orignore single intervals and counts from arrhythmia de-
tection buffers when a noise event is observed. The cur-
rent algorithms are not aggressive enough to remove ar-
rhythmia detections due to noise/interference.

[0004] Such false arrhythmia detections are not de-
sired; therefore, the present invention addresses this
shortcoming.

[0005] Itis an object to provide improved technologies
for arrhythmia detection. In particular, handling of noise
shall be improved.

[0006] A method forarrhythmia detection withina heart
signal of a body according to claim 1 and a device ac-
cording to claim 14 are provided. Further embodiments
are subject matter of dependent claims.

[0007] In one aspect, a method for arrhythmia detec-
tion within a heart signal of a patient is disclosed. The
method is executed by a processor and comprises steps
of: providing an input signal which refers to the heart sig-
nal of the patient, wherein the input signal comprises car-
diac events and noise events; determining the cardiac
events from the input signal in an arrhythmia detection
window; and evaluating the arrhythmia detection window
by taking into account at least one of: (i) at least one
noise event occurring before a start of the arrhythmia
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detection window, and (ii) at least one noise event oc-
curring after an end of the arrhythmia detection window.
The cardiac events are related to cardiac activity of in-
terest of the heart of the patient, and the noise events
are not related to cardiac activity of interest of the heart.
[0008] In another aspect, a device for arrhythmia de-
tection is provided. The device comprises a sensing el-
ement which is configured to determine a heart signal of
a heart of a patient, and a processor. The processor is
configured to provide an input signal which refers to the
heart signal, wherein the input signal comprises cardiac
events and noise events; determine cardiac events from
the input signal in an arrhythmia detection window; and
evaluate the cardiac events in the arrhythmia detection
window by taking into account at least one of: (i) at least
one noise eventoccurring before a start of the arrhythmia
detection window, and (ii) at least one noise event oc-
curring after an end of the arrhythmia detection window.
[0009] Electrical heart signals comprise of different
shapes throughout a regular heart beat interval. Some-
times a heart signal detection system may miss-classify
a specificinterval phase (e.g. p-waves and t-waves might
be falsely classified as QRS complexes). The cardiac
activity of interest (or the electrical heart signals of inter-
est) may be the QRS complex, p-waves or t-waves.
Throughout the document, the term "cardiac event" re-
fers to the cardiac activity (electrical heart signal) of in-
terest.

[0010] A noise event may be, for example, muscle re-
lated activity or respiration related activity but also car-
diac activity which is not of interest. E.g. if the cardiac
events (cardiac activity of interest) are QRS complexes,
then p-waves and t-waves may be considered to be noise
events (because they are not of interest in this case). If
the cardiac events are p-waves, then QRS and t-waves
could be noise events. Finally, if the cardiac events are
t-waves, QRS and p-waves could also be noise events.
[0011] The method is applicable to different kinds of
arrhythmia like for example HVR (high ventricular rate),
bradycardia, asystole and atrial fibrillation. The term "ar-
rhythmia detection window" may refer to the phase in an
ongoing arrhythmia detection sequence where an ar-
rhythmia onset occurred but a complete episode was not
confirmed, yet.

[0012] The disclosure relates to a new concept for pre-
vention of false arrhythmia detections that may occur dur-
ing periods of high patient activity or active muscle noise.
Periods of noise in an electrocardiogram (ECG) are ep-
isodic, with periods of high noise lasting sometimes sev-
eral minutes at a time but with small breaks between
noise periods. This creates a situation where the device
may detect interference but classify it as "true" detections
although these detections occur within or during a longer
period of noise and are actually false. These undetected
noise events can appear as QRS detections. It is there-
fore important to identify these noise episodes. The pres-
ence of noise that occurs outside a given arrhythmia de-
tection window may be used according to an embodiment
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of the present invention as a means to discard the ar-
rhythmia based on the likelihood it is false.

[0013] The method considers the presence of noise
that occurs outside the actual arrhythmia detection win-
dow. Traditionally, an arrhythmia detection window starts
if no noise is currently present and the specific conditions
for an arrhythmia are met - such as the presence of a
ventricular rate above an HVR threshold. An embodiment
of the present invention provides and utilizes a certain
"grace period" without noise events before and/or after
the actual arrhythmia detection window. Even if the spe-
cific conditions for an arrhythmia are not met, yet the
algorithm may let noise event counts to be accumulated
up to a certain limit. These noise event counts need to
be decremented by QRS intervals without noise events
in order to enable the start of an arrhythmia detection
window. These noise free QRS intervals (which may be
the cardiac events) might or might not meet the specific
arrhythmia detection conditions. The only condition the
intervals have to meet is to be without intervening noise
events.

[0014] The same principle may apply to the end of an
arrhythmia detection window. Noise events right after the
end of a successful arrhythmia detection window can de-
validate the positive detection results of the preceding
arrhythmia detection window. The length of the grace
period after the arrhythmia detection window may be de-
termined by the accumulated noise counts before the
arrhythmia detection window. Additionally, if noise
events occur within an arrhythmia detection window, in-
stead of merely cancel an ongoing arrhythmia detection
window, the noise event counter may get pre-set with a
certain count, preventing an immediate start of the next
arrhythmia detection window. When there are high peri-
ods of noise, arrhythmia detection will be inhibited or pre-
vented, and only when interference is absent will it be
possible to detect arrhythmias. Noise that occurs in the
period after detection may act as a further filter, causing
the episode to be discarded when high noise occurs im-
mediately afterwards. By identifying whether the episode
occurs during an episode of noise that may precede or
follow the arrhythmia detection, specificity can be in-
creased significantly.

[0015] One advantage of the method according to an
embodiment of the invention is that arrhythmia detection
results are achieved with a higher PPV (positive predic-
tive value) especially in the presence of noise and/or low
amplitude signals. This allows for presentation of the de-
tection results with a higher confidence to an interested
physician. The ratio of correct to incorrect snapshots by
removing confounding noisy snapshots will be signifi-
cantly improved as well as customer perception and the
clinical utility of the method.

[0016] The embodiments described here are motivat-
ed by the knowledge of the clinical results of the current
arrhythmia detection algorithms and the behavior of
noise during activities of daily living. Utilizing the noise
properties, an embodiment of the present invention is
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provided that recognizes periods with higher likelihoods
of false detections and prevents false detections of ar-
rhythmias. The solution may be implemented in device
firmware using currently available technology in the IPG
platform (IPG - implantable pulse generator) without ma-
jor structural changes, impact on system architecture or
power consumption.

[0017] The step of determining the cardiac events from
the input signal in the arrhythmia detection window may
be terminated if a noise event is detected in the arrhyth-
mia detection window.

[0018] The step of determining the cardiac events from
the input signal in the arrhythmia detection window may
be terminated if a predetermined number of cardiac
events matching the arrhythmia criteria are detected in
the arrhythmia detection window.

[0019] The arrhythmia detection window may be fol-
lowed by a confirmation period after the end of the ar-
rhythmia detection window. The arrhythmia detection
window may be confirmed when no noise event is de-
tected during the confirmation period. The arrhythmia de-
tection window may be discarded when a noise event is
detected during the confirmation period. In this way,
noise right after the active arrhythmia detection window
is taken into account as well which may further increase
the PPV results.

[0020] The duration of the confirmation period may be
determined by a predetermined number of cardiac events
after the end of the arrhythmia detection window. The
predetermined number of cardiac events after the end of
the arrhythmia detection window may depend on the
number of noise events occurring before the start of the
arrhythmia detection window.

[0021] In one embodiment, the method may further
comprise providing an event counter which is configured
to count cardiac events and noise events. Before the start
of the arrhythmia detection window, the event counter is
increased by afirst value for each detected cardiac event,
and the event counter is decreased by a second value
for each detected noise event. The arrhythmia detection
window is started when the event counter is equal to or
more than a first predetermined value. The first prede-
termined value may be 0. Such a value is easy to imple-
ment and simplifies calculations.

[0022] The second value may be twice as high as the
first value. For example, the first value may be 1 and the
second value may be 2. The rationale would be that noise
(if not detected later on) can cause the registration of two
false intervals of a higher rate which is countered by the
relationship between increase and decrease of the event
counter. Tests have shown good results for such ratio.
[0023] The event counter may be increased up to a
maximum of a first predetermined limit. For example, the
first predetermined limit may be 0. The event counter
may be decreased down to a minimum of a second pre-
determined limit, the second predetermined limit may be
-4. Itis of advantage to limit the decrementation to a fixed
value to avoid having a long sequence of noise inhibit
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the detection of a real arrhythmia soon after.

[0024] For example, noise events may decrement the
event counter below 0. How far down noise events are
allowed to decrement the event counter is limited. As-
suming noise events decremented this event counter be-
low 0 and if the first predetermined limit for the start of
an arrhythmia detection window is set to 0 or higher, than
regular events need to increment the event counter until
it reaches that set limit to allow the start of an arrhythmia
detection window.

[0025] The method may further comprise after starting
the arrhythmia detection window: increasing the event
counter by the first value for each detected cardiac event,
and decreasing the event counter by a third value if a
noise event is detected. The arrhythmia detection win-
dow can be terminated either (i) if the event counter is
lower than the first predetermined value or (ii) if the event
counter is equal to or more than a second predetermined
value. The third value may be 16. The second predeter-
mined value may be 8 or 16.

[0026] Ifthe arrhythmia detection window is terminated
because the event counter is lower than the first prede-
termined value, this results in failed arrhythmia detection.
By decreasing the event counter by the third value, the
event counter may turn negative which in turn has two
consequences. First, the actual arrhythmia detection
window is terminated (since the event counter is lower
than the first predetermined value). Second, after termi-
nation the next arrhythmia detection window is not started
directly but only when the event counter reaches the first
predetermined value (e.g. zero).

[0027] In case the arrhythmia detection window is ter-
minated because the event counter is equal to or more
than the second predetermined value, this results in suc-
cessful arrhythmia detection. In this case, a suitable
number of consecutive cardiac events indicating the
presence of an arrhythmia have been recorded without
interrupting noise events.

[0028] Also, the arrhythmia detection window may be
terminated if the cardiac events stop indicating the pres-
ence of an arrhythmia within the arrhythmia detection
window. This would result in failed arrhythmia detection.
[0029] If successful arrhythmia detection was estab-
lished at the end of the arrhythmia detection window, a
termination period may be started by setting the event
counter to a fourth value. During the termination period,
the event counter is decreased with every cardiac event
that does notindicate the presence of an arrhythmia. The
arrhythmia detection sequence is terminated as soon as
the event counter is equal to or less than the first prede-
termined value. The fourth value may be 5. The arrhyth-
mia detection sequence comprises the arrhythmia de-
tection window as well as evaluating noise events before
and/or after the arrhythmia detection window.

[0030] Inanother embodiment, the method may further
comprise providing a first event counter which is config-
ured to count cardiac events, and providing a second
event counter which is configured to count noise events.
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Before the start of the arrhythmia detection window, the
second event counter is increased by a fifth value for
each detected noise event and the second event counter
is decreased by a sixth value for each detected cardiac
event. The arrhythmia detection window is started when
the second event counter is equal to or less than a third
predetermined value. The first event counter is started
when the arrhythmia detection window is started. The
third predetermined value may be 0.

[0031] The fifth value may be twice the sixth value. For
example, the fifth value may be 2 and the sixth value may
be 1.

[0032] The second event counter may also be called
noise counter. The second event counter may be in-
creased up to a maximum of a third predetermined limit.
The third predetermined limitmay be 8. The second event
counter may be decreased down to a minimum of a fourth
predetermined limit. The fourth predetermined limit may
be 0.

[0033] The method may further comprise after starting
the arrhythmia detection window: increasing the second
event counter by the fifth value for each detected noise
event, and increasing the first event counter by a seventh
value for each detected cardiac event. The arrhythmia
detection window may be terminated either (i) if the sec-
ond event counter is more than the third predetermined
value or (ii) if the first event counter is equal to or more
than a fourth predetermined value. The fourth predeter-
mined value may be 8 or 16.

[0034] Ifthe arrhythmia detection window is terminated
because the second event counter is more than the third
predetermined value, this results in failed arrhythmia de-
tection.

[0035] Ifthe arrhythmia detection window is terminated
because the first event counter is equal to or more than
the fourth predetermined value, this results in successful
arrhythmia detection.

[0036] Also, the arrhythmia detection window may be
terminated if the cardiac events stop indicating the pres-
ence of an arrhythmia, resulting in failed arrhythmia de-
tection.

[0037] After the arrhythmia detection window is termi-
nated because the first event counter is equal to or more
than the fourth predetermined value, a confirmation pe-
riod may be started by setting the second event counter
(noise counter) to an eighth value. During the confirma-
tion period the second event counter is decreased by one
with every cardiac event (without noise) and successful
arrhythmia detection result is confirmed as soon as the
second event counter is equal to or less than zero. The
eighth value may be obtained by doubling the present
value of the second event counter plus adding an offset
value. The offset value may be 2. If a noise event occurs
during the confirmation period this indicates failed ar-
rhythmia detection.

[0038] The method may further comprise starting a ter-
mination period, by setting the first event counter to a
ninth value; and, during termination period, decreasing
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the first event counter by one with every cardiac event
that does not indicate the presence of an arrhythmia and
terminate the arrhythmia detection sequence as soon as
the first event counter is equal to or less than the third
predetermined value. The ninth value may be 5.

[0039] Thefeatures disclosed with respectto the meth-
od can also be applied to the device and vice versa.

[0040] In the following, exemplary embodiments are

described.

Fig. 1 shows a schematic representation of a cardiac
device,

Fig. 2a  shows a diagram of a first scenario according
to a first embodiment,

Fig. 2b  shows adiagram of a second scenario accord-
ing to the first embodiment,

Fig. 3 shows a diagram of a first scenario according
to a second embodiment,

Fig. 4 shows a diagram of a second scenario accord-
ing to the second embodiment,

Fig. 5 shows a diagram of a third scenario according
to the second embodiment.

[0041] Figure 1 shows an exemplary embodiment of a

cardiac device 1. In this embodiment, the cardiac device
1 is an implantable cardiac monitor and comprises a
sensing element 3, for example a sensing electrode. A
processor 2 is arranged within a housing of the cardiac
device 1. The cardiac device 1 may comprise further
sensing electrodes. In one embodiment, the cardiac de-
vice 1 comprises three sensing electrodes (not shown).
The cardiac device 1 may include three input channels
thatreceive different projections of the mean heart signal
as input signals. Each input channel may use a single
pair of the three sensing electrodes and each input chan-
nel may sense a different planar projection of the mean
heart signal, wherein the projections are coincident in
time. Noise on each input channel may be determined,
in part, by the local activity around the sensing electrodes
in that particular pair. Combining the three input channels
into a single input channel may increase the signal to
noise ratio by smoothing some of the random noise as-
sociated with each input channel, while emphasizing the
QRS-signals or QRS complexes.

[0042] The following discussion refers to a single input
channel and a single signal, respectively as well as to a
combined input channel and a combined signal, respec-
tively. The present disclosure relates to single and com-
bined signals.

[0043] The cardiac device 1 monitors the electrocardi-
ogram (ECG) for QRS events, arrhythmia events and
noise events. Detected QRS events and arrhythmia
events are marked by a sense marker and noise events
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are marked by a noise marker. The markers are part of
an input signal to the method. In the following Figures,
such input signals including sense markers and noise
markers are depicted.

[0044] A first scenario of a first embodiment is shown
in Figure 2a. Figure 2a shows a timeline from an input
signal 5 including the related sense markers or cardiac
events (also called noise-free events) 6 and noise mark-
ers or noise events 7. Further depicted is an event coun-
ter 8 which counts cardiac events 6 and noise events 7.
Each noise event 7 decreases or decrements the event
counter 8 and each cardiac event 6 increases or incre-
ments the event counter 8. A scale for the value of the
event counter 8 is given at the left side of the diagram.
[0045] Furtherdepictedin Figure 2a are arrhythmia de-
tection windows 9. During the arrhythmia detection win-
dows 9 the actual detection of an arrhythmia takes place.
While the method concerns arrhythmia detection it can
be seen as focusing on defining or creating an arrhythmia
detection window 9. Here, three arrhythmia detection
windows 9a, 9b and 9c are shown. The left arrhythmia
detection window 9a can be seen as a preceeding or
lapsed arrhythmia detection window. The middle arrhyth-
mia detection window 9b can be seen as a current or
active arrhythmia detection window. The right arrhythmia
detection window 9c can be seen as a subsequent ar-
rhythmia detection window.

[0046] The following rules may be implemented in the
method. In addition to noise conditions within an active
arrhythmia detection window 9b, noise conditions or
noise events 7 right before the start of the active detection
window 9b are monitored as well.

[0047] If a noise event 7 is detected and the event
counter 8 is larger than 0 which means that there is an
active arrhythmia detection window 9, instead of decre-
menting or setting the event counter 8 to 0, a fixed value,
in this example of 16, is subtracted. Therefore, the event
counter 8 can result in a negative value. The rational for
this modification is that noise detection within the active
arrhythmia detection window 9 most likely hints towards
more and probably undetected noise and needs to be
counter-acted aggressively.

[0048] If a noise event 7 is detected and the event
counter 8 is equal to or less than 0, the event counter 8
is decremented by a programmable value, in this exam-
ple 2. Decrementing the event counter 8 is limited to a
fixed negative limit.

[0049] Ifnonoise event7 is detected and the interval’s
rate is below the HVR threshold and event counter 8 is
less than 0, the event counter 8 is incremented by a pro-
grammable value, in this example 1.

[0050] If nonoise event7 is detected and the interval’s
rate is above the HVR threshold, the event counter 8 is
incremented by 1.

[0051] In the following, the function of the method ac-
cording to an embodiment of the present invention is ex-
plained with regard to the curve of the event counter 8,
i.e. at the end of the window 9a. The starting point for
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this discussion is the first noise event 7 at which the event
counter 8 is decremented by two from the value of zero
to the value of minus two. The next noise event decre-
ments the event counter 8 further to minus four. The next
four cardiac events 6 which may include QRS and ar-
rhythmia events each increment the event counter 8 by
one which results in a value of zero for the event counter
8.

[0052] Havingreached the predetermined limit of zero
for the event counter 8, the active arrhythmia detection
window 9b starts. During the arrhythmia detection win-
dow 9b the event counter 8 is incremented by cardiac
events 6 to a value of fourteen. Then, a noise event 7 is
detected inside the arrhythmia detection window 9b
which leads to a decrease of the event counter 8 by a
third value, in this example of sixteen. The event counter
8 is thus reduced to the negative value of minus 2. As
the event counter 8 is below the predetermined limit of
zero the active arrhythmia detection window 9b is termi-
nated and discarded as it includes noise. Two cardiac
events 6 (without noise) are needed to start the next ar-
rhythmia detection window 9c as the event counter 8
starts with a value of minus two after the active arrhythmia
detection window 9b.

[0053] Figure 2b shows a second scenario of the first
embodiment. The beginning is similar to the situation
shown in Figure 2a. After the end of the preceding ar-
rhythmia detection window 9a, the event counter 8 has
a value of 0. Two successive noise events 7 lead to a
reduction of the event counter 8 to a value of -4. Follow-
ing, four cardiac events are registered, each cardiac
event 6 increasing the event counter 8 by a value of 1
which results in a value of O for the event counter 8. Hav-
ing reached the predetermined limit of 0 for the event
counter 8, the active arrhythmia detection window 9b
starts. During the arrhythmia detection window 9b the
event counter 8 is incremented by cardiac events 6 until
it reaches a predetermined value (here 16, other values
are possible).

[0054] Withthe termination of the active arrhythmiade-
tection window 9b because the predetermined number
of cardiac events 6 (with arrhythmia indication) has been
reached, a confirmation state 11 starts. The length or
duration of the confirmation state 11 is set to a value of
2 (other values are possible). The event counter 8 dec-
rements during the confirmation state 11 by one for each
detected cardiac event. After two cardiac events (without
noise), the confirmation state 11 is ended successfully.
[0055] Atthe end of the confirmation state 11 the event
counter 8 is set to a predetermined value, in this example
to a value of -5. A termination state 12 follows the con-
firmation state 11. During the termination state 12 the
event counter 8 is incremented for each cardiac event 6
(without arrhythmia indication) by the value of 1. The ter-
mination state 12 ends when the event counter 8 reaches
the value of 0. Then, the next arrhythmia detection win-
dow 9¢ commences. In the example of Figure 2b, the
detection window 9b was successful as no noise event
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was detected inside the confirmation state 11.

[0056] If a noise event would have been detected in
the confirmation state 11, the arrhythmia detection win-
dow 9b would be discarded.

[0057] Figures 3 to 5 represent a second embodiment
of an implementation of the method by utilizing a first
event counter 13 and a second event counter 14 (also
called noise counter). Instead of allowing negative event
counter values in case of noise events as done in the
first embodiment, the noise counter now counts the noise
events. This approach supports the extension of the al-
gorithm towards considering noise events after the end
of the active arrhythmia detection window.

[0058] The method according to the second embodi-
ment (as shown in Figures 3 to 5) is extended with regard
as shown in Figure 2a in the way that noise events right
after the active arrhythmia detection window are taken
into accountas well. Depending on the existence of noise
events right before the start of an active arrhythmia de-
tection window, the time will vary for how long the algo-
rithm looks for noise events right after the active arrhyth-
mia detection window.

[0059] Different states can be defined, namely a de-
tection state, a confirmation state, and a termination
state. A detection state replicates the behavior of Figure
2a. In other words, Figure 2a shows detection states only
since confirmation and termination states do not show
up due to the circumstances of the situation (noise during
active detection terminates immediately the current de-
tection sequence and starts a new detection sequence).
[0060] A confirmation state extends the behavior of the
algorithm. At the end of an active arrhythmia detection
window a time window or confirmation period is used to
identify noise events. If noise events are detected within
this time window, the current detection is classified as
failed and is aborted. The next state will be a new detec-
tion state. On the other side, if no noise eventis detected,
the detection is classified as confirmed or successful and
the next state will be a termination state.

[0061] The termination state is started with the end of
a successful confirmation state. The end or termination
of the termination state is decided as known, i.e. a pre-
defined number of intervals with rates below the HVR
rate threshold are detected. Then, a new detection state
is entered again.

[0062] Figures 3 to 5 depict behavior for different noise
scenarios.
[0063] Figure 3 shows a diagram with no noise events.

The situation shown in Figure 3 demonstrates that in the
absence of noise events at the beginning of the active
arrhythmia detection window 9, only a short period of
intervals (2 intervals in the above case) is used to confirm
the arrhythmia detection.

[0064] A detection state 10 ends with the termination
of the active detection window 9 because the predeter-
mined number of cardiac events 6 (with arrhythmia indi-
cation) has been reached. Directly after the detection
state 10, a confirmation state 11 starts. The length or
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duration of the confirmation state 11 is determined by the
noise counter 14. The noise counter 14 is not amended
in this example since no noise was encountered before
the start of the active detection window. Nevertheless,
an offset value of two is added to the noise counter 14
at the end of the detection window 9 or the end of the
detection state 10. For each cardiac event (without noise)
the noise counter 14 is decremented by one. As the noise
counter 14 reaches zero, the confirmation state 11 is end-
ed successfully. During the confirmation state 11 the first
event counter 13 is not altered.

[0065] At the end of the confirmation state 11 the first
event counter 13 is set to a predetermined value, in this
example to a value of five. A termination state 12 follows
the confirmation state 11. During the termination state
12 the first event counter 13 is decremented for each
cardiac event 6 (without arrhythmia indication) by the val-
ue of one. The termination state 12 ends when the first
event counter 13 reaches zero. Then, the next detection
state 10 commences. In the example of Figure 3, the
detection window 9 was successful as no noise event
was detected inside the confirmation state 11.

[0066] Figure 4 shows a diagram with noise events 7
before the start and a successful confirmation. Figure 4
shows noise events 7 before the start of an active ar-
rhythmia detection window 9, inhibiting the start of the
arrhythmia detection window 9. The noise counter 14 is
incremented in the example by a value of two for each
noise event and decremented by a value of one for each
cardiac event. As soon as the noise counter is decre-
mented below the value of 2, the active arrhythmia de-
tection window 9 starts because of intervals having rates
higher than the HVR rate threshold. Once the first event
counter 13 reaches the event counter limit of sixteen, the
confirmation state 11 starts. Because of the initial noise
events 7 at the start of the active arrhythmia detection
window 9, the confirmation state 11 is elongated to five
intervals. This is due to the noise counter remaining value
of one at the start of the actual detection window. Be-
cause of that an offset value of 4 is added to the noise
counter 14 at the end of the detection window 9 or the
end of the detection state 10. As soon as the confirmation
state 11 for this episode is established, the regular ter-
mination state 12 takes over.

[0067] Figure 5 shows a diagram with noise events 7
before the start and a failed confirmation. As in Figure 4,
Figure 5 shows noise events 7 before the start of an active
arrhythmia detection window 9, inhibiting the start of the
arrhythmia detection window 9. After that, in the absence
of noise events, the active arrhythmia detection window
9 starts because of intervals having rates higher than the
HVR rate threshold. Once the first event counter 13
reaches the event counter limit of sixteen, the confirma-
tion state 11 starts. Because of the initial noise events 7
at the start of the active arrhythmia detection window 9,
the confirmation state 11 is elongated to five intervals.
This is due to the noise counter remaining value of one
at the start of the actual detection window. Because of
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that an offset value of 4 is added to the noise counter 14
at the end of the detection window 9 or the end of the
detection state 10. Later, still within the confirmation state
11, a noise event 7 causes a fail of the confirmation for
this episode. Now, the next regular detection state 10
starts with the noise counter value set to two.

Claims

1. A method for arrhythmia detection within a heart sig-
nal of a patient, wherein the method is executed by
a processor (2) and comprises steps of:

- providing an input signal (5) which refers to the
heart signal of the patient, wherein the input sig-
nal (5) comprises cardiac events (6) and noise
events (7), wherein the cardiac events (6) are
related to cardiac activity of interest of the heart
of the patient, and wherein the noise events (7)
are not related to cardiac activity of interest of
the heart;

- determining the cardiac events (6) from the in-
put signal (5) in an arrhythmia detection window
(9);

- evaluating the arrhythmia detection window (9)
by taking into account at least one of:

- at least one noise event (7) occurring be-
fore a start of the arrhythmia detection win-
dow (9), and

- at least one noise event (7) occurring after
an end of the arrhythmia detection window

9).

2. The method of claim 1, wherein the step of deter-
mining the cardiac events (6) from the input signal
(5) in the arrhythmia detection window (9) is termi-
nated ifanoise event (7) is detected in the arrhythmia
detection window (9).

3. The method of claim 1 or 2, wherein the step of de-
termining the cardiac events (6) from the input signal
(5) in the arrhythmia detection window (9) is termi-
nated if a predetermined number of cardiac events
(6) is detected in the arrhythmia detection window

9).

4. The method of any one of the preceding claims,
wherein the arrhythmia detection window (9) is fol-
lowed by a confirmation period (11) after the end of
the arrhythmia detection window (9), wherein the ar-
rhythmia detection window (9) is confirmed when no
noise event (7) is detected during the confirmation
period (11), and wherein the arrhythmia detection
window (9) is discarded when a noise event (7) is
detected during the confirmation period (11).
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5. The method of claim 4, wherein duration of the con-

firmation period (11) is determined by a predeter-
mined number of cardiac events (6) after the end of
the arrhythmia detection window (9), and wherein
the predetermined number of cardiac events (6) after
the end of the arrhythmia detection window (9) de-
pends on the number of noise events (7) occurring
before the start of the arrhythmia detection window

9).

The method of any one of the preceding claims, fur-
ther comprising:

- providing an event counter (8) which is config-
ured to count cardiac events (6) and noise
events (7),

- before the start of the arrhythmia detection win-
dow (9):

- increasing the event counter (8) by a first
value for each detected cardiac event (6);

- decreasing the event counter (8) by a sec-
ond value for each detected noise event (7),

- starting the arrhythmia detection window (9)
when the event counter (8) is equal to or more
than a first predetermined value.

The method of claim 6, wherein the second value is
twice as high as the first value.

8. The method of claim 6 or 7, further comprising

- after starting the arrhythmia detection window

9),

-increasing the event counter (8) by the first
value for each detected cardiac event (6);
- decreasing the event counter (8) by a third
value if a noise event (7) is detected,

- terminating the arrhythmia detection window
(9) either

- if the event counter (8) is lower than the
first predetermined value or

- if the event counter (8) is equal to or more
than a second predetermined value.

The method of claim 8, wherein after the arrhythmia
detection window (9) is terminated because the
event counter (8) is equal to or more than the second
predetermined value, a termination period (12) is
started by setting the event counter (8) to a fourth
value, wherein during the termination period (12),
the event counter (8) is decreased with every cardiac
event (6) that does not indicate the presence of an
arrhythmia, and wherein an arrhythmia detection se-
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quence is terminated as soon as the event counter
(8) is equal to or less than the first predetermined
value.

10. The method of any one of claims 1 to 5, further com-

prising:

- providing a first event counter (13) which is
configured to count cardiac events,

- providing a second event counter (14) which
is configured to count noise events,

- before the start of the arrhythmia detection win-
dow (9):

- increasing the second event counter (14)
by afifth value for each detected noise event
(6);

- decreasing the second event counter (14)
by a sixth value for each detected cardiac
event (7),

- starting the arrhythmia detection window (9)
when the second event counter (14) is equal to
or less than a third predetermined value,

wherein the first event counter (13) is started when
the arrhythmia detection window (9) is started.

11. The method of claim 10, further comprising

- after starting the arrhythmia detection window

(9),

- increasing the first event counter (13) by
a seventh value for each detected cardiac
event (6);
- increasing the second event counter (14)
by the fifth value for each detected noise
event (6),

- terminating the arrhythmia detection window
(9) either

- if the first event counter (13) is equal to or
more than a fourth predetermined value or
- if the second event counter (14) is more
than the third predetermined value.

12. The method of claim 11, wherein after the arrhythmia

detection window (9) is terminated because the first
event counter (13) is equal to or more than the fourth
predetermined value, a confirmation period (11) is
started by setting the second event counter (14) to
an eighth value, and during the confirmation period
(11) the second event counter (14) is decreased by
one with every cardiac event (6) and successful ar-
rhythmia detection result is confirmed as soon as the
second event counter (14) is equal to or less than
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13. The method of claim 12, further comprising
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- starting a termination period (12), by setting
the first event counter (13) to a ninth value;

- during termination period (12), decreasing the
firstevent counter (13) by one with every cardiac
event (6) that does not indicate the presence of
an arrhythmia and terminate the arrhythmia de-
tection sequence as soon as the first event coun-
ter (13) is equal to or less than the third prede-
termined value.

14. A device (1) for arrhythmia detection comprising

- a sensing element (3) which is configured to
determine a heart signal of a heart of a patient,
and

- a processor (2) which is configured to

- provide an input signal (5) which refers to
the heart signal, wherein the input signal (5)
comprises cardiac events (6) and noise
events (7), wherein the cardiac events (6)
are related to cardiac activity of interest of
the heart of the patient, and wherein the
noise events (7) are not related to cardiac
activity of interest of the heart;

- determine cardiac events (6) from the input
signal (5) in an arrhythmia detection window
(9), and

- evaluate the cardiac events (6) in the ar-
rhythmia detection window (9) by taking into
account at least one of:

- at least one noise event (7) occurring
before a start of the arrhythmia detec-
tion window (9), and

- at least one noise event (7) occurring
after an end of the arrhythmia detection
window (9).
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